ABSTRACT: A pot experiment was carried out during two successive seasons of 2013/2014 and 2014/2015 in a split design to determine if compost tea spraying and Enterobacter cloacae KX034162 inoculation under phosphorus fertilization levels influence plant development, rhizome weight and chemical constituents of Zantedeschia aethiopica plants. The study showed that generally E. cloacae KX034162 inoculation had a positive effect on growth, flowering and chemical constituents under the different phosphorus (p) fertilization levels. E. cloacae KX034162 inoculation under 50% Prate of recommended dose combined with compost tea spraying resulted in a significant increase in plant height, number of leaves per clump, leaf area, shoot and rhizome fresh weight, rhizome dry weight, stalk length and diameter, inflorescence height and diameter, flowering spike fresh weight, N, P and K concentration in shoot, flowering period and flower date and increased activity of dehydrogenase in soil. While, total inflorescence clump -1 and vase life (days) were increased by inoculation with E. cloacae KX034162 under 75% P-rate of the recommended dose combined with compost tea spraying.
INTRODUCTION
Calla lily (Zantedeschia aethiopica family: Araceae) is a perennial herbaceous geophyte, gaining commercial importance as a cut flower plant. The principle aim of calla cultivation is to produce, in the shortest time, as many rhizomes as possible that will provide multiple flowered, quality plants, capable of flowering during given market periods or to maximize flower production on a specific time schedule, and optimizing rhizome quality for a specific number of production cycles.
Production of flowering plants can be greatly improved through regular care. As any other plants, fertilization plays a critical role in calla production through enhancement of yield and quality of the product. So, there is an increased demand to engineer new fertilizer formulae including bio fertilizers. Compost tea contains a set of aerobic organisms that perform a variety of beneficial functions in addition; it contains soluble nutrients that feed the organisms already within the tea and feed the plant, making it healthier (Pant et al., 2009 and Welke, 2005) .
their ability for nutrient supply (nitrogen, phosphorus, potassium and micro elements), regulating plant hormone system, or indirectly by decreasing the harm effects of various pathogens on plant growth and development in the forms of bio-control agents, root colonizers, and environmental protectors (Kloepper and Schroth, 1981; Vessey, 2003; Bhattacharyya and Jha, 2012) Phosphorus is considered the most important key element in the nutrition of plants, next to nitrogen (N). It plays a vital role in almost all metabolic pathways in plant including photosynthesis, energy storing transfer, signal transduction, biosynthesis of macromolecules and respiration . Plant growth promoting rhizobacteria employ different mechanisms to make use of unavailable forms of phosphorus and making it available for plants to absorb as include: (1) release of mineral dissolving compounds e.g. organic acid anions, protons, hydroxyl ions, CO 2 , (2) production of extracellular enzymes (e.g. phosphatases) and (3) release of phosphate during organic substrate decomposition (biological phosphate mineralization) Sharma et al., 2013 .
In
Zantedeschia, inflorescence differentiation occurs in tissue culture plantlets after treatment with gibberellin (GA3) application (Naor et al., 2004) . Moreover, application of GA enhances flowering in other Araceae species (Henny, 1999) and is used commercially to increase the flower productivity of colored cultivars of calla lily (Funnell, 1993) . PGPR can produce phytohormones as gibberellins and indole acetic acide (IAA) providing a phytohormonal pool for regulation and enhancement of plant life cycle (Verma and Shahi, 2015; Gupta et al., 2015) . Enterobacter sp are known to solubilize insoluble phosphate and make it available to plants. They are also capable of producing phytohormones like IAA (Saharan and Nehra, 2011) .
Compost tea is the commercially popularized term for an infusion where compost is soaked in water for a period of time with the aim of transferring soluble organic matter, beneficial micro-organisms and macro-and micro-nutrients into solution (Ingram and Millner, 2007) . The use of compost tea in organic agriculture is gaining popularity for improving soil biology and fertility (Diver, 2007) . Hargreaves et al. (2009) found that compost tea maintained plant nutrient concentrations comparable to the addition of ruminant compost, municipal solid waste MSW compost, and inorganic fertilizer so, it can serve as an effective source of nutrients.
This study is a trial to evaluate the efficiency of inoculation with Enterobacter coloacea combined with spraying with compost tea as a way to decrease phosphate fertilization and enhance plant productivity.
MATERIALS AND METHODS
This investigation was conducted at the Experimental Greenhouse of Horticulture Research Station at Sakha, Kafr El-Sheikh Governorate. The experimental design was a split plot with four replications during 2013-2014 and 2014-2015 , the main factor is spraying with compost tea (1) control (2) spraying with compost tea and sub main is Enterobacter cloacae inoculation under different phosphorus fertilizer levels (15.5% P 2 O 5 ) (a) control (b) 100% P-rate of recommended dose equal 7.0 g plant -1
(c) 75% P = 5.25 g plant
These treatments were replicated four times and each replicate contained one plant, the experiment contained 64 plants for each season, in addition 4.0 g plant ammonium sluphate (20.5 N) in all treatments. Recommended doses were applied as mentioned by Attia, (2004) .
Biofertilizer:
In this study, a biofertilizer of E. cloacae was obtained from Bacteriology Lab., Sakha Agricultural Research Station. E. cloacae was produced with the density of about 1 × 10 9 . Ml -1 and mixed with a carrier (peat:vermiculite 1:1 w/w) and used with the rate of 3 g pot -1
at sowing, each pot contain 10 kg sandy clay loam soil.
The chemical properties of the studied soil were determined before cultivation process according to Black et al. (1965) and Jackson (1967) . The particle size distribution was determined according to the international method (Klute, 1986) .
Data recorded:
Growth parameters: number of vegetative and flowering characters was assessed, including plant height, number of leaves per main shoot and clump, total shoot number per clump, leaf blade length (cm), leaf area (cm 2 ), dry weight of shoot and rhizome (g), fresh weight of shoot and rhizome (g plant -1
), stalk length and diameter (cm), flowering spike fresh and dry weight (g), vase life (days), total inflorescence per clump, inflorescence diameter and height (cm), flowering date and flowering period, dry matter percentage using the methods described by A.O.A.C (1984) .
Chemical components:
Chemical constituents of shoot were assayed for total nitrogen (Black et al., 1965) Phosphorus percentage (Snell and Snell, 1967) and potassium was determined using the flame photometer according to the method described by Brown and Lilliland (1946) .
Microbial strain:
Enterobacter cloacae KX034162 was previously isolated and identified by our team in Microbiology Department, Sakha Agricultural Research Station. Strain was stored on nutrient agar slants at 4 °C and nutrient broth was used for enrichment and production.
Compost tea preparation and treatment:
Aerated compost tea was prepared in a 10 l bucket, with 0.4 kg of compost and 2 l of tap water (1:5, w:v) adapted from Weltzein (1991) . Initially the mix was manually agitated and then aerated with a small air compressor (Rena Air 200, France) for 7 days. Before application, the compost tea was filtered through a cotton plug to remove large solid particles. Compost was obtained from a pile prepared at Microbiology Department, Sakha Agricultural Research Station, Agricultural research center. Three times of foliar applications, at a rate of one dose 10 ml plant -1
(1:5) ( v:v compost tea : tap water), were made once a month starting 2 months after planting.
Determination of soil dehydrogenase activity:
Dehydrogenase activity was determined using the method described by Tabatabai (1982) .
Data analysis:
Data obtained from experimental treatments were subjected to the analysis of variance and treatments as means were Steel and Torrie (1980) , test at 5% level of significance (p= 0.05) was used for means comparison according to Snedecor and Cochran (1989) .
RESULTS AND DISCUSSION

Vegetative growth:
Data resulted in Table ( 3) showed that plants inoculated with E. cloacae combined with 50% phosphorus fertilizer of recommended dose and using compost tea spray resulted in the tallest plants (57.0) during the first season followed by plants inoculated with E. cloacae, fertilized with 75% phosphorus fertilizer and sprayed with compost tea (53.0 cm) at the first seasons. As shown in Table ( 3) inoculation with E. cloacae under different phosphorus levels increased number of leaves per main shoot. The maximum number of leaves main shoot -1 was obtained with inoculation with E. cloacae and applying 75% phosphorus fertilizer of the recommended dose as shown in Figure (1 (29 and 28.7) in the two seasons respectively. This may be due to that phosphate dissolving bacteria (E. cloacae) enhance the plant height, number of leaves in clump and in main shoot by increasing the available P in soil which in turn promotes cell division and the develops the meristematic tissue (Abo El-Nour et al., 1996 and Youssef et al., 2001) .
Shoots number per clump, leaf area and leaf blade length:
E. cloacae inoculation increased shoot number clump -1 under the different phosphorus levels as shown in Figure ( 2). Plants inoculated with E. cloacae and fertilized with 75% phosphorus fertilizer of the recommended dose raised values to 5.67 and 5.5 more than control during the two seasons respectively. Table ( 4) illustrated that inoculation with E. cloacae under all fertilization treatments raised leaf blade length (cm) as compared with control. On the other hand spraying with compost tea increased leaf blade length (cm) during the two seasons over control. Highly significant effect for the interaction between phosphorus fertilizer combined with E. cloacae inoculation and spraying with compost tea on leaf blade length (cm) were obtained as 36.7 and 34.3 obtained with 50% phosphorus fertilizer of the recommended dose and inoculation with E. cloacae under spraying plants with compost tea in both seasons respectively. In the same trend leaf area (cm) were increased under this conditions recorded 282.1 and 296 compared to control during the two seasons. Tables (5 and 6) showed that fresh and dry weight of shoot and rhizome were increased by inoculation with E. cloacae combined with phosphorus fertilizer compared to control. The interaction effect between chemical and biofertilizer of phosphorus combined with compost tea spraying caused high significant in the first and second seasons respectively. Dry weight of rhizome had a similar trend to that observed for fresh weight in both seasons compared with control which gave the lowest values. In this respect, Habib and Zaghloul (2012) studied effect of biofertilizer (Nitrobein and Phosphorene), compost and potassium fertilizer on growth, flowering and chemical constituents of Chrysanthemum frutescence, the study showed that inoculation with phospherene (3 g pot . and plants were inoculated with AMF and moderate P rate (7.5 mg l -1 ) produced larger tubers than non-inoculated plants. Scagel and Schreiner (2006) concluded that on soybean treated with compost tea was more effective an increasing the root nodule formation by 7.25 times than untreated with compost tea and promoted the growth of root and shoot of both soybean and sweet corn, as these results indicated that aerated compost tea (ACT) could be used as liquid nutrient fertilizer with active microorganisms ( Kim et al., 2015) .
Data resulted in
Results presented in
Flower production:
Stalk length and diameter (cm):
Data presented in Table ( 6) show that phosphorus fertilizer levels significantly affected stalk length and diameter (cm) in Zantedeschia aethiopiza in respect to E. cloacae inoculation it significantly increased stalk length and diameter (cm) compared with un-inoculation treatments. This may be due to that E. cloacae increases available phosphorus to plants because it produces acids that increase phosphorus dissolving and produce some hormones which enhance plant shoot, root growth and nutrient uptake.
Highly significant effect for the interaction between phosphorus fertilizer at 50% of the recommended dose, E. cloacae inoculation and compost tea spraying on stalk length and diameter were 62.73 and 62.28 cm for stalk length and 2.57 cm for stalk diameter during the two seasons, respectively. In recent years, interest in the use of PGPR to promote plant growth has increased. Beneficial effects of PGPR on plant growth involves abilities to act as phytostimulators; biofertilizers. PGPR could enhance crop yield through nutrients uptake and plant growth regulators. Their application of Enterobacter as crop inoculants for biofertilization would be an attractive option to reduce the use of chemical fertilizers (Bloemberg and Lugtenberg, 2001; Vessey, 2003) . Table ( 7) showed that Enterobacter inoculation significantly increased inflorescence height and diameter with increasing P-rate and inoculation only. On the other, hand spraying with compost tea increased significantly inflorescence height and diameter, the highest values of inflorescence height and diameter were obtained from Zantedeschia aethiopica plants inoculated with Enterobacter at the rate of 50% P-fertilizer of the recommended dose sprayed with compost tea. The maximum increase for inflorescence height (cm) was with rate 29.08 and 27.02% over the control, while increased inflorescence diameter with rate of 31.05 and 44.9% over the control in the first and second seasons, respectively. E. cloacae inoculation in the two seasons respectively. However, Suprapta et al. (2014) . Studied the potential use of Enterobacter cloacae isolated from rhizospheres of Imperata cylindrica to promote the growth and increase the yield of rice under greenhouse experiments. Treatments with isolates of E. cloacae significantly improved the growth of rice seedlings, plant height, root length, number of roots, number of tillers, content of macro nutrients in the leaf and the dry weight of shoot and root, when compared to control. Table ( 8) showed that E. cloacae inoculation induced highly significant effect on total inflorescence clump -1 and vase life (days) with decreased P-rate. Spraying with compost tea significantly increased number of inflorescences and vase life. The highest number of inflorescences and vase life were obtained with E. cloacae inoculation, 50% phosphorus fertilizer and spraying with compost tea (9.67 and 9.33) for number of inflorescence and longest vase life were 9.33 during two seasons respectively on the contrary control treatments recorded the lowest values. Spraying Zantedeschia with compost tea highly significant increased flowering spike dry weight (g) as shown in Table  ( ) in Zantedeschia, the heaviest dry weight of flowering spike were 8.75 and 9.51 g obtained with E. cloacae inoculation and fertilized with 75% phosphorus fertilizer of the recommended dose during the two seasons, respectively compared with non-inoculation as shown in Figure ( 3). These results are in agreement with those of Verma and Shahi ( 2015) and Rana et al. (2011) on potato and wheat respectively.
Data presented in
Macronutrients in shoot (% of DW):
Results presented in Table ( 9) illustrated that chemical and biofertilization treatments raised nitrogen, phosphorus and potassium concentration in shoots compared with control plants in both seasons. In this context, spraying plants with compost tea increased N, P and K% in shoots. The interaction between chemical, biofertilizer and spraying with compost tea gave the highest N, P and K% in leaves, the highest N values (2.90 and 3.29%) were obtained with 50% phosphorus fertilizer of the recommended dose, E. cloacae inoculation and spraying with compost tea. At the same trend increased P and K% in shoots as the highest P values were (0.43%) in each seasons, in respect to K% which was (2.0%) during two seasons, respectively. These results are in agreement with Pant et al. (2012) who found that applications of compost tea increased growth and mineral nutrient content of Brassica rapa. Table ( 10) shows that highly significant effect of bio and chemical fertilizer on flowering date during the first and the second seasons. On the other hand, the combination between spraying with compost tea and E. cloacae inoculation under 50% of phosphorous recommended dose promoted early flower emergence, where the flowering started 125 days after shoot emergence in both seasons. Data presented in Table ( 10) illustrated that the effect of inoculation with E. cloacae on flowering period was highly significant under all levels of phosphorous fertilization. Interaction effect between the phosphorus fertilizer levels, E. cloacae inoculation and compost tea spraying showed highly significant effect on flowering period, the plants fertilized with 50% phosphorus fertilizer of the The strain (Enterobacter) was found to give high yield of IAA (0.89 mg/ml) from watermelon seed powder and it was also found to produce other plant growth promoting substances such as siderophore, ammonia, organic acids and hydrogen cyanide so enhanced the productivity and quality of crops (Attar et al., 2015) .
Dehydrogenase activity:
Concerning dehydrogenase activity in soils results showed that there was a highly significant response to E. cloacae inoculation, P-fertilization levels and the interaction between both factors, the highest activity of dehydrogenase in soil was obtained by plant inoculation with E. cloacae, soil application 50% phosphorus fertilizer of the recommended dose and spraying with compost tea as were (146.35 and 143.86 mg tpf g -1 soil for 96 h) in the two seasons respectively over the control.
The use of biofertilizers for harvesting effect on the naturally available, biological system of nutrient mobilization in soil (Venkatashwarlu, 2008) . E. cloacae can produce phosphate solubilization, siderophore, and indole acetic acid synthesis and using as bio-inoculant to increase the productivity of crops and reduce chemical fertilizers obtained with E. cloacae inoculation and fertilized with 50% phosphorus fertilizer of the recommended dose during the two seasons respectively compared with non-inoculated treatments as shown in Figure (4) . Generally, spraying with compost tea increased the activity of dehydrogenase in soil, under all experimental treatments the maximum increase were 28.25 and 30.35% compared with control during the two seasons as shown in Figure ( 
